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The limited availability of fossil fuel as a feedstocks is among the key causes for the current 
transitions toward the use of biomass energy. Alongside the environmental and energy 
concerns, the economic sustainability of biomass initiatives are considered as key factors 
in the future development of this sector (Fazio & Barbanti, 2014). Hence, economic 
analysis on biomass power generation would assess its long-term profit and increase its 
share in energy mix. According to (Jungingera et al., 2006), however, the high production 
costs are affecting biomass potential if compared with fossil fuel.   
 
Among the prevailing types of agriculture residues utilized as biomass for electricity 
production, rice straw notably differentiates itself from other biomass fuels, such as wood, 
wood residues, and palm oil residues. For example, many researchers are carrying out 
analyses on the utilization of palm oil residues in power generation. Since the costs of 
biofuel input mostly depend on the type of biomass resource and its location (Lu¨ schen & 
Madlener, 2013), therefore paddy residues have been analysed in this paper as feedstocks 
in electricity generation.  
 
The utilization of rice straw as fuel has gained a large consensus not only worldwide, but 
also in Malaysia. Studies conducted in Thailand and China agreed with the results to 
emphasizing on the small-scale power plants to secure supply (Delivand, Barz, Gheewala, 
& Sajjakulnukit, 2011) and China on the poor management of plants as key factors (Zhang, 
D. Zhou, Zhou, & Ding, 2013). On the other hand, studies carried out in Vietnam 
concentrated on the cellulosic ethanol production and estimated the optimal size based on 
availability of rice straw (Diep, Fujimoto, Minowa, Sakanishi, &  Nakagoshi, 2012).  
 
Started in April 2009, the Malaysia Green Technology sector aims to preserve the natural 
environment and resources by reducing the unfavourable impacts of human actions. 
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Among the initiatives promoted by the Malaysia Green Technology, is the applied of 
biomass resources as a derivation of renewable energy was encouraged to develop the 
sector (Shuit, Tan, Lee, & Kamaruddin, 2009). 
 
Presently, there is a large number of projects which are based on biomass resources as 
sustainable solutions to ensure Malaysia energy supply in the future. However, the lack of 
economic analyses on the consumption of rice straw in electricity generation Malaysia 
determined the still marginal use.  
 
 
COLLECTED DATA AND METHODOLOGY 
 
The total costs are calculated based on four main operations: rice straw collection, 
transportation to collection centre (T1), transportation to power plant (T2), and plant 
operation. This study concentrates on the northern regions of Peninsular Malaysia, where 
the paddy cultivation covers an area of 42% out of 800,000 hectares of arable land. Data 
were collected by phone questionnaires to 27 District Farmers’ Organisation (DFO) 
managers in Muda Agricultural Development Authority (MADA) to decide the number of 
areas that are involved in the rice straw collection. Based on the results, only two areas 
were used to coordinate the collection of rice straw and thus served as unit samples for this 
research. The total  amount of rice straw available in the selected areas is equal to 0.3% of 
the total supply of rice straw available in MADA areas, where rice straws are commonly 
used as animal feed as well as burnt if the fields. This study will take into consideration all 
the present practices for the rice straw management in the areas, such as the standard bale 
size and the collection centre concept. The parameters of the costs in the examination are 





System boundaries applied in this study 
 
According to the data available (Caputo, Palumbo, Pelagagge, & Scacchia, 2005;  
Bridgwater, Toft, & Brammer, 2002;  Mitchell, Bridgwater, Stevens, Toft, & Watters., 
1995; PDCleanTech, 2014; Energynet, 2012; Boukis, Vassilakos, Karellas, & Kakaras, 
2009; Jorgenson, Gilman, & Dobos, 2011; Lako, 2010; Jungingera et al., 2006; R. van den 
Broek, Faaij, & Wijk, 1996; Dornburg & Faaij, 2001) on different biomass combustions, 
Figure 5.2 shows the graph of efficiency against plant capacity. Where the majority of data 
are obtained from real plant operations, some data are sourced from scholarly research. The 
graph presents the best fit regression curve and the efficiency of the biomass combustion 
are calculated using Eq. (1). Since in the past the ratio of construction of large biomass 
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power plant was ineffective and considered that the efficiency increases at large plant 
capacity (>15MW) (Boukis et al., 2009), it was difficult to make the exact forecast of their 
efficiency at broad combustion (McIlveen-Wright et al., 2013). Therefore, because of 
restricted data available, the results obtained were rather scarce.  
 ŋ ( ) 358.12ln4578.4 += PPC         (1) 
 
 
Life Cycle Cost 
 
The life cycle costs (LCC) result from the power plant generation cost, the transportation 
cost, and the rice straw collection cost. The latter one results from the capital cost, operating 





Overall efficiency of the power plant 
 
Power Plant Generation Cost 
 
Figure 5.3 is graphed in accordance with the not yet sufficient data on the financial aspects 
of biomass-based power generation in the Asian countries (CDM, 2014; COGEN3, 2014). 
The data are sourced from the biomass power plants located in Asia. The experience curve, 
which concept has been applied in various energy models (M. van den Broek, Hoefnagels, 
Rubin, Turkenburg, & Faaij, 2009), illustrates the previous course that may be calculated 
to predict eventual reduction of the costs (Jungingera et al., 2006). However, previous case 
studies revealed significant limitations in terms of data to determine the empirical curves 
for the investment costs of biomass, particularly in the case of rice straw-sustained power 
plant (Jungingera et al., 2006). The developing countries in Asia also present a variance on 
biomass power plant cost. Based on the available data, the following equation is developed;  
 
 ( )PPCCCPG 073.05060 −=        (2) 
 
The total plant cost (TPC) for the power plant generation system estimated based on Eq. 
(3); 
 
           OCMCLCCCTPC PGPGPGPG +++=       (3) 
 





























Biomass generation cost  
 
Rice Straw Collection Cost 
 
( )( )( ) LTRFVCCC NEWNEWDEP 100−=                  (4) 
 
The operating cost incorporating the annual maintenance of the machineries is included in 
Eq. (5) and Eq. (6) (Painter, 2011; Delivand, Barz, & Gheewala, 2011; Huisman, Venturi, 
& Molenaar, 1997). The parameters chosen for assessing the operating cost are entered in 
Table 5.1. The average consumption of diesel is given in Eq. (7). 
 
Table 5.1 
Machinery operating cost 
 












B-II       
New 
Holland 75000 3646 47655 5051.43 49218.80 9189.62 
Fiat 60000 2916 38124 4041.14 39375 7351.69 
Farm 
track 50000 2430 31770 3367.62 32812.5 6126.41 
Dongfeng 65000 3159 41301 4377.91 42656.2 7964.34 
Baler 100000 5133.3 61500 7318.50 107500 23201.83 
F-IV       
New 
Holland 75000 3646 47655 5051.43 492.19 9189.62 
New 
Holland 75000 3646 47655 5051.43 492.19 9189.62 
New 
Holland 75000 3646 47655 5051.43 492.19 9189.62 
New 
Holland 75000 3646 47655 5051.43 492.19 9189.62 
Baler 100000 5133.3 61500 7318.50 10750 23201.83 











































LTARMCC CNEWRM =                    (5) 
( ) ( )10001 2hRFARM RFC =                   (6) 
hPPTOC FF = 06.073.0                                                                     (7) 
 
Table 5.2 shows the results for the machinery operating costs for B-II and F-IV areas that 
are based on the interview session occurred with the project manager of B-II area (Sabri, 
2012). and the secondary data resulted from (Sabri, 2012) and (Malik, 2012). As illustrated 
in Table 5.1, the average cost of rice straw collection for both areas is RM 26.09 per bale. 
These costs include the sleaser cost, RM 8 per bale, as the management would return RM 
69.50 per ha to the farmers who are not willing to execute the cutting process in their fields 
(Malik, 2012; Sabri, 2012).   
 
Table 5.2 
Total cost of rice straw collection (per bale) in the northern regions, Malaysia. 
Zone Fuel (RM) Labour (RM) Twine (RM) 
Machinery 
(RM) Total (RM) 
BII 1.78 6 1.64 17.62 27.04 
FIV 1.52 6 - 17.62 25.14 
 
Table 5.3 
Rice straw based electricity generation costs. 
Project financing 20MW 30MW 50MW 70MW 100MW 
Equity (RM 106) 45.04 62.92 97.97 140.93 195.63 
Dept (RM 106) 105.11 146.82 228.59 328.85 456.47 
Annuity, An (RM 106) 13.61 19.01 29.60 42.59 59.11 
 
Cost of Transportation Rice Straw to the Collection Centre (TC1) 
 
The transportation cost from the paddy fields to the collection centre is shown in Eq. (8) 
and determined by the transportation distance, lorry dimension, and driver cost (Leboreiro 
& Hilaly, 2011; Chiueh, Lee, Syu, & Lo. 2012). The contribution to the driver is based on 
number of bales, where each bale is RM5 (Sabri, 2012). Concerning the capacity, a lorry 
transporting 1 tonne of rice straw is assumed to consume 0.105litre per km, whilst 
transporting 2 bales of 450 kg each would cost RM1.80 of diesel per litre (MIDA, 2013). 
The following total transportation cost (CT1) is comprehensive of all costs required for 
moving the rice straw bales to the collection centre. 
 
( ) ( )( ) BRSCPLdFCT TTaT ***105.0 1111 +=      (8) 
 
Collection Centre Cost 
 
This paper presents a rice straw collection model on the basis of a previous study. The 
catchment area increases correspondingly with the plant capacity. Currently operating 
collection centres are at B-II and F-IV, which concept of open storage is used as guideline 
for this case study. The accumulation of rice straw in this area is relatively limited as the 
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residue is mostly used as animal consumption. The total cost of this collection centre 
derived from the total of the storage site and the cost of dry matter lost during the 
conservation (Turhallow, Wilkerson, & Sokhansanj, 2009). The amenity used as storage 
has impact on the storage cost. The baler is kept in an open storage because round bales 
are less vulnerable towards adverse climate conditions (Gold &  Seuring, 2011). 
 
( )( )iiPPC nCCA +−= −113 ,           (9) 
 
Where 𝐶𝐴,𝐶𝐶 is the annual capital cost (in RM), PP is the purchase price (in RM), 𝑖 is interest 
rate and n life of investment year, and DML is dry matter loss in the collection centre (in 
tonne).  
 
( ) ( )DMLWCC CCCCACC −= 11,                 (10) 
 
 
The Cost of Transportation of Rice Straw from the Collection Centre to Power Plants (TC2) 
 
The cost of the transportation of rice straw to power plant is shown in Eq.11. The cost 
related to the driver depends on the travel distance, which is usually charged RM4 per km. 
Due to the affordable price, trucks measuring the weight of 3.5 or 40’ length are mainly 
used to transport the balers (Malik, 2012; Sabri, 2012) as they can travel distance greater 
than 35 km (Ruiz , Jua´rez , Morales, Mun˜oz , & Mendı´vil, 2013) and move 36 balers at 
time. The average fuel expenditure is 0.27 litres per km (Chiueh et al., 2012). The location 
of the power plant is selected according to the proximity with a coal power plant.  
 




The salvage value is the residual value of the components and capital of a rice straw-based 
power production in the furthest phase of the project. The current value of salvage cost is 
measured in the  equation 13 (Ong, Mahlia, Masjuki, & Honnery, 2012) that shows its 




The banks grant about 70% of the total capital cost needed with an annual interest rate is 
5% for 10 years. Eq. (12) is the estimation of the allocation (Boukis et al., 2009).  
 









Electrical energy is assumed to be supplied to the Tenaga National Berhad (TNB) at 21.25 
cents/kWh. The sales value of the operating plants is estimated to be RM37.2, RM55.8, 
RM93.1, RM130 and RM186 millions per year for plant capacities of 20MW, 30MW, 
50MW, 70MW and 100MW respectively.  
The proportion of the total cost utilization comprises the capital cost, fuel, and operation 
to the net electricity generation in RM/kWh.  
 
 
RESULT AND DISCUSSION 
 
Detailed operation costs are illustrated in Table 5.4. The reduction of the TC2 distance can 
lower the fuel cost up to 25% and secure RM59.04 per bale ready at power plant gate. 
Though, the TC1, which is the amount of the bale rice straw transport from the paddy fields 




Detailed operation costs of the selected power plants 
 
Power Plant Capacity (MW) 20 30 50 70 100 
Efficiency  25.7 27.5 29.8 31.3 32.9 
Electricity generation (MWh/yr) 175200 262800 438000 613200 876000 
Rice straw available (t/yr) 177498 248760 382915 510388 693875 
Power Plant Cost (RM 106) 82.1 112.0 171.9 231.8 321.7 
Collection Centre Cost (RM 106) 2.2 3.1 4.8 6.3 8.6 
Rice straw collection cost  
(RM 106) 10.3 14.6 22.5 29.9 40.7 
Transportation cost (RM 106) 18.8 26.6 41.7 56.3 77.7 
 
The plant capacity has a considerable repercussion on the economic feasibility which can 
be compensated by the price of biomass (Uris, Linares, & Arenas, 2014). Similar to the 
result obtained from the previous study on gasification technique for biomass in power 
generation in Canada, where COE decreases considerably as plant capacity increases 
(Upadhyay, Shahi, Leitch, & Pulkki, 2012). According to (Rendeiro,  Macedo, Pinheiro, & 




25 ++−= − PPCPPCPPCFUEL               (13) 
( )PPCPPCCOE 893.0 088.0−=                             (14) 
 
To make the business of selling the electricity profitable, power plants should be designed 
with at least 500MW and based on lower COE if compared to the purchasing price of TNB 
at RM0.2125 per kWh. The fuel cost inclusive of all expenses from the collection to the 
plant per bale ready at 20MW plant capacity is RM 78.27, but it can go up to RM87.03 at 
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higher plant capacity size, as 500MW. Since transportation mainly conditions the total fuel 
cost, the bigger the plant capacity the higher the fuel cost. The parameter that largely affects 
the COE is the investment cost, also called capital cost. Similarly, studies conducted in 
China concluded that the total investment cost primarily affect the higher power generation 
cost (Zhang et al., 2013), although this cost would lower with time. Increasing the size of 
plant can minimize the generation cost by 0.08% to 3%. Figure 5.4 illustrates the yearly 
capital for 20 years of a plant life, from year 2013 to 2033. Figure 5.5 shows the payback 
period on own investment with 20MW, 70MW and 100MW plant capacity. For example, 
the payback period for 70MW is 5 years when the annual cash flow is RM25.7 million. 
The payback period is shortened when the plant capacity increases following the result 















































































Evaluation of projects’ finance 
 
Criteria Plant capacity 
20 30 50 70 100 
NPV (RM 106) 28.9 69.9 162.0 259.6 410.4 
COE(RM/kWh) 0.72 0.67 0.62 0.59 0.57 
 
The evaluation of the projects’ finance is shown in Table 5.5, in which the impacts of the 
scale on the COE are examined over the selected sort of dimensions. It resulted that the 
generation costs for the 100MW are around 15% lower than the 20MW.  
 
Figure 5.6 presents the connection between the NPV and the discount rate. Discount rates 
are at 10% for plant which capacity is less than 20MW, and go up to 20% for the biggest 
plants (100MW). All these parameters are fundamental for reaching the break-even point 





Correlation between the NPV and discount rate 
 
The sensitivity analysis on the major parameter that impacts the NPV is graphed in the 
Figure 5.7. The slopes of the line represent the correlation between NPV and the 
parameters; if the line representing the parameters is steep, then their influences on NPV 
are greater.  The Figure 8 also shows that at lower power plant capacity, the significance of 
selling price, discount rate, and fuel cost is almost equal. These parameters slightly change 
when the plant capacity increases. At 100MW, discount rate largely affects the NPV. 
 
 
Incentives and Regulations in Renewable Energy Resources 
 
In this paper, the analysis considered the incentives implemented by the national energy 
policy for the exercise of renewable energy resources, in which 70% is tax reduction from 
total profits and application of FiT for plants which capacity is less than 30MW. Figure 5.8 
shows the payback period after the use of the incentives on 70MW capacity’ plants. The 


























due to the 70% reduction of tax price, FiT for 30MW plant capacity and bonus of RM0.01 
per kWh because of the use of steam-based electricity production process with total 
productivity higher than 14%. Therefore, under certain conditions, incentives that sustain 
the implementation and application of biomass resources is necessary to make the latter 
ones attractive (MacFarlane, 2009). At the present time, government support is necessary 
for power generation plants to continue and advance (Yang  et al., 2014). 
 
(a) (b) (c) 
 
Figure 5.7 










Life cycle cost system comprehends the process of rice straw collection, collection centre 
cost, transportation, and power generation. Among these elements, transportation impacts 
the total operating cost at an average of 82.5%. The calculated electricity generation costs 
are between RM0.72 per kWh to RM0.53 per kWh for 20MW to 500MW, respectively. 































































































overall operation and capital, the COE is generally higher than purchasing price of TNB, 
except from the case in which the plant capacity is larger than 20MW. The component that 
influences the most the COE is the investment cost, although it would reduce with time. 
The payback period for a plant capacity of 70MW is 6.5 years and the annual cash flow is 







This study was granted by the Ministry of Higher Education Malaysia (FRGS-
13260/2015). We thank the reviewers and associate editors for their observations which 





Asia, G. P. (2012). Jiangsu China Biomass power plants in the red  Retrieved from Jiangsu, 
China biomass power plants in the red. 
Boukis, I., Vassilakos, N., Karellas, S., & Kakaras, E. (2009). Techno-economic analysis 
of the energy exploitation of biomass residues in Heraklion Prefecture—Crete. 
Renewable and Sustainable Energy Reviews, 13, 362–377. 
Brendstrup, A. (2010). Lesson learned from high efficiency Biomass Power Plants in China  
Retrieved from http://www.npti.in/ 
Bridgwater, A. V., Toft, A. J. & Brammer, J. G. (2002). A techno-economic comparison 
of power production by biomass fast pyrolysis with gasification and combustion. 
Renewable and Sustainable Energy Reviews, 6, 181-248.  
Bryan, B. A., Ward, J., & Hobbs, T. (2008). An assessment of the economic and 
environmental potentail of biomass production in an agricultural region. Land Use 
Policy, 25, 533-549. 
Caputo, A. C., Palumbo, M., Pelagagge, P. M., & Scacchia, F. (2005). Economics of 
biomass energy utilization in combustion and gasification plants:effects of logistic 
variables. Biomass and Bioenergy, 28, 35-51.  
Carneiro, P., & Ferreira, P. (2012). The economic, environmental and strategic value of 
biomass. Renewable energy, 44, 17-22.  
CDM. (2014). CDM: Project cycle search.  Retrieved from United Nations Framework 
Convention on Climate Change http://cdm.unfccc.int/Projects/projsearch.html 
Chandran, V. G. R., Sharma, S., & Madhavan, K. (2010). Electricity consumption growth 
nexus: the case of Malaysia. Energy Policy, 38, 606-612. 
Chiueh, P. T., Lee, K. C., Syu, F. S., & Lo, S. L. (2012). Implications of biomass 
pretreatment to cost and carbon emissions: Case study of rice straw and Pennisetum 
in Taiwan. Bioresource Technology, 108, 285-294.  




Delivand, M.K., Barz, M., & Gheewala, S. H. (2011). Logistics cost analysis of rice straw 
for biomass power generation in Thailand. Energy, 36, 1435-1441.  
Delivand, M.K., Barz, M., Gheewala, S. H., & Sajjakulnukit, B. (2011). Economic 
feasibility assessment of rice straw utilization for electricity generating through 
combustion in Thailand. Applied Energy, 88, 3651-3658.  
Diep, N. Q., Fujimoto, S., Minowa, T., Sakanishi, K., & Nakagoshi, N. (2012). Estimation 
of the potential of rice straw for ethanol production and the optimum facility size 
for different regions in Vietnam. Applied Energy, 93, 205-211.  
Dornburg, V., & Faaij, A. P. C. (2001). Efficiency and economic of wood fired biomass 
energy systems in relation to sacle regarding hat and power generation using 
combustion and gasification technologies. Biomass and Bioenergy, 21, 91-108.  
DPCleanTech, (2014). Project Case Study. Retrieved from  http://www.dpcleantech.com/ 
ELCON. (2013). Bermaco Energy Systems: Tapping Biomass in Rural India.  Retrieved 
from http://cleanenergyinfo.in/bermaco 
Energynet. (2012). Generation of Electricity and District Heating, Energy Storage and 
Energy Carrier Generation and Conversion TECHNOLOGY DATA FOR ENERGY 
PLANTS. Demark: EnergynetDk. 
Fazio, S., & Barbanti, L. (2014). Energy and economic assessments of bio-energy systems 
based on annual and perennial crops for temperate and tropical areas. Renewable 
energy, 69, 233-241.  
Gibson, L. (2011). China’s Crop Residue Capacity. Biomass Magazine. 
Gold, S., & Seuring, S. (2011). Supply chain and logistics issues of bio-energy production. 
Journal of Cleaner Production, 19, 32-42.  
Gupta, N. (2013). Rice straw to light up homes, power tractors in Punjap. Retrieved from 
http://archive.indianexpress.com/news/rice-straw-to-light-up-home-power-
tractors-in-Punjap/19082/ 
Huisman, W., Venturi, P., & Molenaar, J. (1997). Costs of supply chains of Miscanthus 
giganteus. Industrial Crops and Products, 6, 353-366.  
Jorgenson, J., Gilman, P., & Dobos, A. (2011). Technical Manual for the SAM Biomass 
Power Generation Model. US: NREL. 
Jungingera, M., Vissera, E., Gregersenb, K. H., Koornneefa, J., Ravenc, R., Faaija, A., & 
Turkenburga, W. (2006). Technological learning in bioenergy systems. Energy 
Policy, 34, 4024–4041.  
Lako, P. (2010) Biomass for heat and power. Energy technology systems analysis 
programme: IEA. 
Leboreiro, J., & Hilaly, A. K. (2011). Biomass transporation model and optimum plant size 
for the production of ethanol. Bioresource Technology, 102, 2712-2723.  
Lu¨ schen, A., & Madlener, R. (2013). Economic viability of biomass cofiring in new hard-
coal power plants in Germany. Biomass and Bioenergy, 57, 33-47.  
MacFarlane, D. W. (2009). Potential availability of urban wood biomass in 
Michigan:Implications for energy production, carbon sequestration and sustainable 
forest management in the U.S.A. Biomass and Bioenergy, 33, 628-634. 
Malik (2012, 20 May 2012). [Interview of logistics cost analysis (F-IV) area]. 
McIlveen-Wright, D. R., Huang, Y., Rezvani, S., Redpath, D., Anderson, M., Dave, A., & 
Hewitt, N. J. (2013). A technical and economic analysis of three large scale biomass 
combustion plants in the UK. Applied Energy, 112, 396-404.  
60 
 
MIDA. (2013). Gas and Fuels Costs. Retrieved from 
http://www.mida.gov.my/env3/index.php?page=gas-and-fuel-costs 
Mitchell, C. P., Bridgwater, A. V., Stevens, D. J., Toft, A. J. & Watters, M. P. (1995). 
Techno-economic assessment of biomass to energy. Renewable and Sustainable 
Energy Reviews, 9(1-5), 205-226. 
Moon, J. H., Lee, J. W., & Lee, U. D. (2011). Economic analysis of biomass power 
generation schemes under renewable energy initiative with Renewable Portfolio 
Standards (RPS) in Korea. Bioresource Technology, 102, 9550-9557. 
Nouni, M. R., Mullick, S. C., & Kandpal, T. C. (2007). Biomass gasifier projects for 
decentralized power supply in India: A financial evaluation. Energy Policy, 35(2), 
1373–1385.  
Ong, H. C., Mahlia, T. M. I., Masjuki, H. H., & Honnery, D. (2012). Life cycle cost and 
sensitivity analysis of palm biodiesel production. Fuel, 98, 131-139. 
Painter, K. (2011). Costs of owing and operating farm machinery in the Pacific Northwest. 
US: University of Idaho. 
Rendeiro, G.,Macedo, E. N., Pinheiro, G., & Pinho, J. (2011). Analysis on the feasibility 
of biomass power plants adding to the electric power system - Economic, regulatory 
and market aspects - State of Pará, Brazil. Renewable energy, 36, 1678-1684. 
Ruiz, J. A., Jua´rez, M.C., Morales, M. P., Mun˜oz, P., & Mendı´vil, M. A. (2013). Biomass 
logistics: Financial & environmental costs. Case study: 2 MW electrical power 
plants. Biomass and Bioenergy, 56, 260-267. 
Sabri (2012, 12 May 2012). [Interview of Logistics cost analysis (B-II) area]. 
Shafie, S. M., Mahlia, T. M. I., Masjuki, H. H., & Ahmad-Yazid, A. (2012). A review on 
electricity generation based on biomass residue in Malaysia. Renewable and 
Sustainable Energy Reviews, 16, 5879-5989.  
Shuit, S.H., Tan, K. T., Lee, K. T., & Kamaruddin, A. H. (2009). Oil palm biomass as a 
sustainable energy source: A Malaysian case study. Energy, 34, 1225-1235.  
Suramaythangkoor, T., & Gheewala, S. H. (2010). Potential alternatives of heat and power 
technology application using rice straw in Thailand. Applied Energy, 87, 128-133.  
Turhallow, A., Wilkerson, E., & Sokhansanj, S. (2009). Cost methodology for biomass 
feedstocks: Herbaceous crops and agricultural residues. US: Bioenergy Resource 
and Engineering Systems. 
Upadhyay, T. P., Shahi, C., Leitch, M., & Pulkki, R. (2012). Economic feasibility of 
biomass gasification for power generation in three selected communities of 
northwestern Ontario,Canada. Energy Policy, 44, 235-244.  
Uris, M., Linares, J. I., & Arenas, E. (2014). Techno-economic feasibility assessment of a 
biomass cogeneration plant based on an Organic Rankine Cycle. Renewable 
energy, 66, 707-713.  
Van den Broek, M., Hoefnagels, R., Rubin, E., Turkenburg, W., & Faaij, A. (2009). Effects 
of technological learning on future cost and performance of power plants with CO2 
capture. Progress in Energy and Combustion Science, 35, 457-480.  
Van den Broek, R., Faaij, A., & Wijk, A. V. (1996). Biomass combustion for power 
generation. Biomass and Bioenergy, 11(4), 271-281.  
Wang, C., Zhang, L., Chang, Y., & Pang, M. (2015). Biomass direct-fired power generation 
system in China: An integrated energy, GHG emissions, and economic evaluation 
for Salix. Energy Policy, 84, 155-165. 
61 
 
Yagi, K., & Nakata, T. (2011). Economic analysis on small-scale forest biomass 
gasification considering geographical resources distribution and technical 
characteristics. Biomass and Bioenergy, 35, 2883-2892.  
Yang, J., Wang, X., Ma, H., Bai, J., Jiang, Y., & Yu, H. (2014). Potential usage, vertical 
value chain and challenge of biomass resource: Evidence from China’s crop 
residues. Applied Energy, 114, 717-723.  
Zhang, Q., Zhou, D., Zhou, P., & Ding, H. (2013). Cost Analysis of straw-based power 
generation in Jiangsu Province, China. Applied Energy, 102, 785-793.  
  
